Several aminomethyl tetrahydroquinoline derivatives were synthesized in a facile three-step procedure, in order to develop a semicarbazide-sensitive amine oxidase (SSAO) inhibitor library, as proved by in vitro test on rat aorta microsomal fraction. The efficient microwave-assisted cisdiastereoselective cyclization of 2-dicyanovinyl-tert-anilines is based on tert-amino effect as a thermal isomerization reaction. The cyclized dicarbonitrile intermediates were subjected to a decyanation reaction and a subsequent reduction, providing the biologically active aminomethyl tetrahydroquinoline derivatives.
Introduction
Semicarbazide-sensitive amine oxidase (SSAO), also known as vascular adhesion protein-1 (VAP-1), belongs to the family of copper-containing amine oxidases (CuAOs), with its name derived from its sensitivity to inhibition by the semicarbazide. 1 SSAO is identical to primary amine oxidase (SSAO/PrAO), 2 as well as circulating benzylamine amine oxidase (BzAO). 3 The oxidative Scheme 1. Reversible interchange between the conformations A and B with differently oriented vinyl groups, leading to two possible cis and trans diastereomers of the cyclized products via two transition states (TS-cis and TS-trans).
Taking into account of the recent applications of cyclizations via tert-amino effect, we can conclude that the synthetic potential of this reaction is unfailing. Siedel and co-workers reported the first catalytic enantioselective tert-amino cyclization reaction using a chiral magnesium complex. 37 Following this report, several chiral metal complexes were developed for this transformation including cobalt, 38 gold, 39 as well as organocatalysts 40 and phosphoric acid. 41 Brønsted 42 and Lewis 43 acid-catalyzed tert-amino effect were employed for the synthesis of quinalozines and the malonate substituted tetrahydroquinolines in the mild condition. In addition to, a novel type of diastereoselective tert-amino effect was reported by Krasnov and Khrustalev. The reaction was performed in solid state in order to analyse the crystal structure of starting vinyl compound using X-ray diffraction. Selectivity of the reaction was ascribed to the strong intramolecular C-H…π interaction in the vinyl compound. 44 Regio-and diastereoselectivity of the tert-amino effect were investigated via the preparation of biological active 1,4-benzoxazepine derivatives as well. 45 The microwave-assisted synthesis of tetrahydroquinolines utilizing the tert-amino effect has attracted considerable attention due to its facile, environmentally friendly and efficient outcome. [46] [47] [48] [49] 
Results and Discussion
A straightforward and rapid, three step procedure was developed and elaborated for the preparation of fused aminomethyl tetrahydroquinoline derivatives (11: R 3 =CH3; 12: R 3 =Ph), possessing different functional groups, in order to demonstrate the synthetic feasibility of the synthesis (Scheme 2). e -a Ratio of the diastereomers in the crude product was determined by 1 H NMR and/or HPLC. b First: reaction time for the Knoevenagel condensation, second: reaction time for the cyclization c Total yield for the formed cis and trans isomers. d Acid amide side product was also formed in 10% yield. e According to the TLC a very little amount of the vinyl compound was formed, therefore the reaction was stopped.
as cis (according to the original configuration of 5 or 6) and that of 3a and 4 was identified as cis or trans (in the name of the compound indicate the second configuration) (Scheme 3).
Scheme 3.
Chemoselective reductive elimination of the cyano group of the geminal dinitrile.
Reductive elimination of the nitrile group from the two different configurations.
The yields, reaction times and the diastereomeric ratios in the crude product are listed in Table  2 . In the case of the R 1 = CH3 derivatives (5a, 6a), the removal of the nitrile group gave rise predominantly (9a) or exclusively (10a) to the cis isomer. Equivalent amounts of cis-cis and cistrans isomers were formed in the case of compounds containing a pyrrolidine ring (9b, 10b) and predominantly to the cis-cis isomer with a piperidine ring (9c, 10c). Table 2 . Yield and reaction time of the formation of the mononitrile derivatives These results suggest that the size of the R 3 substituent (methyl or phenyl) and the type of the secondary amino group (pyrrolidine or piperidine) might influence which nitrile group would be removed from the molecule. The most hindered compound is 6c with R 3 = Ph and a piperidine ring, therefore the elimination of the nitrile group in the trans position with the phenyl group is preferred (c-c/c-t 95:5). Therefore we can conclude that, except for the 5-ring annelated tetrahydroquinoline derivatives (5b, 6b), the reductive elimination of a cyano group takes place in a chemo-and stereoselective manners.
The reduction of the mononitrile derivatives (9a-c, 10a-c) was performed as described by Caddik et al. 52 In the first step, the nitrile group was reduced with sodium borohydride in the presence of a catalytic amount of NiCl2, followed by protection with di-tert-butyl dicarbonate (Boc2O) in methanol (13a-c, 14a-c). In the second step, the carbamate product was isolated and, subsequently, treated with HCl/EtOAc at room temperature for 17-48 hours to afford compounds 11a-c and 12a-c (Scheme 4).
Scheme 4. Preparation of the aminomethyl derivatives 11 and 12 via decyanation. Experimental and theoretical considerations of the mechanism of the ring closure. The cyclisation of the vinyl compound (3, 4) to dicyanotetrahydroquinoline (5, 6) still has some unanswered questions about the details. Consequently, it was thougth to be usefull to study the reaction mechanism and diastereoselectivity from experimental and theoretical point of view. The cyclization starts off with the cleavage of the migrating hydrogen (Ha) from the α carbon atom of the secondary amino group. This process involves sp 3 C-H bond activation via 1,5-Ha transfer, affording a dipolar chiral intermediate and a subsequent stereocenter-generating C-C bond formation. In general, when R 3 is a methyl or phenyl group, the migrating hydrogen (Ha) can be traced throughout the course of the reaction and it is in cis position with the anellated hydrogen (Hb). Reinhoudt et al linked the exclusive formation of the cis isomer to a specific geometry of the vinyl group, the [1, 5] suprafacial migration of a hydrogen and the coordinated formation of a carbon-carbon bond. The formation of the trans product may attributed to steric factors, aligning the direction of the vinyl group in the starting compond. 33 Our experiments verify that the rotamer of the vinyl substance which serves as a starting compound for the formation of the trans isomer via [1, 5] -hydrogen migration is also obtained at higher temperatures. To confirm that no interconversion of the diastereomers takes place at the temperature of ring closure, the following experiments were performed. First, the temperature required for the ring closures of 4b, c was determined using differential scanning calorimetry (DSC). 53 The obtained thermograms gave a good indication of the melting points (endothermic peaks) of the vinyl substances as well as the ring closure temperatures (exothermic peaks) (see Supplementary Material). Second, the pure cis isomers 5b, c and 6b, c, yielded in the ring closure reactions, were heated at the temperatures required for ring formation. The corresponding 1 H NMR assays proved the exclusive presence of the cis isomers. Consequently, one may conclude from that experiment that there was no any transformation from cis to trans isomer, proving that the cis is not an intermediate of the reaction, but one of the final product. In order to determine undoubtedly the relative configuration of the trans isomer, the diastereomers were separated by chromatography, and elucidated by using 1D and 2D NMR spectroscopy.
Examining the substituent effect of the ring closure, one may conclude that there was no significant difference between the effects of the two R 3 substituents (CH3 or Ph) on the ratio of the diastereomers formed, except in the case of compound 6c, where more of the trans isomer was produced than in the rest of the reactions. My assumption is that the simultaneous presence of the phenyl and piperidino groups on the vinyl compound force the molecule into a defined sterical position, allowing the migrating hydrogen to attack the α carbon atom of the vinyl group from both sides of the molecule, unlike in structures substituted with methyl and piperidino groups which exert a smaller grade of steric hindrance (compound 5c). Based on the published results it seems likely that the hydrogen migration takes place suprafacially and the formation of the trans isomer is controlled by the interchange of the conformation of the vinyl compound in addition to energy relations. The rate of the ring closure reaction is greater in structures containing the more reactive cyclic secondary amino groups (pyrrolidino and piperidino) than in those containing aliphatic (eg. dimethylamino) substituents (Table 1) .
Considering Reinhoudt's and our results, we were led to the assumption that the formation of cis and trans diastereomers (5 and 6) depends not only on the steric effect, but also the difference between the activation energies of the cis and the trans transition states (see Scheme 1), in agreement with the Curtin-Hammett principle.
Pharmacological investigation. The SSAO activity of compounds 11a cis, 11b cis-trans, 11c cistrans, 12a cis, 12b cis-trans and 12c cis-cis was tested on the microsomal fraction of rat aorta (Table 5 ). 4-Phenylbutylamine (4-PBA) was used as the reference substrate, 15, 54 while 2-bromoethylamine (2-BEA) was used as selective, irreversible inhibitor. 55 According to the hydrogen peroxide formation assay, compounds 11a cis and 12b cis-trans act as inhibitors of moderate potency as compared to 2-BEA, while compound 11b cis-trans behave as a substrate (Km = 0.94 ± 0.01 µM; dose response curves see Supplementary Material). Based on the Km data, we can conclude that the affinity of compound 11b cis-trans is higher than that of the substrate 4-PBA. The rest of the studied compounds showed only a weak, but promising enzyme inhibitory effect. The structure activity relationship analysis may suggest that pyrrolidine fused ring structure with Ph substituent (12b cis-trans) exhibits the best combination in the light of the inhibitory activity. 
Conclusions
A facile microwave-assisted diastereoselective cyclization reaction was developed in order to extend an SSAO inhibitor library, containing condensed aminomethyl tetrahydroquinoline derivatives. The first, diastereoselective cyclizations step based on the known tert-amino effect, providing selectively the cis isomers in all the cases, irrespectively to the two types of R 3 substituents (CH3 or Ph). The rate of the ring closure reaction is greater in structures containing the more reactive cyclic secondary amino groups (pyrrolidino and piperidino) than in those containing aliphatic (e.g., dimethylamino) substituents. Diastereomers were separated by chromatography then the relative configuration was elaborated by NOE interactions and vicinal coupling constants. The further transformation of the dicyano intermediates included the chemoselective reductive elimination of the cyano group, resulted also two diastereomers, which were separated and fully characterized. The final nitrile reduction step afforded six SSAO active aminomethyl derivatives. One of them showed high enzyme substrate activity, while two other compounds inhibited this enzyme with a moderate potential in a presumably reversibly way, as compared to literature references. These compounds proved to be hit molecules for the further biological experiments.
Experimental Section
General. All reaction solvents were purified in accordance with Purification of Laboratory Chemicals (Fourth Edition) prior to use. All reagents were used as purchased without further purification. The solvents were removed under reduced pressure using standard rotary evaporators. All of the reactions were monitored by TLC using Merck's silica gel 60 F 254 -precoated aluminum sheets. Visualization was accomplished with UV light (254 or 365 nm). Solvent mixtures used for chromatography are always given in a vol/vol ratio. Flash column chromatography was generally performed using Silica Gel 60 (Merck, spherical, 40-63 µm). Melting points were determined on a Büchi-540 capillary melting point apparatus and are uncorrected. The high-resolution accurate masses (HRMS) were determined with an Agilent 6230 time-of-flight mass spectrometer. Samples were introduced by the Agilent 1260 Infinity LC system. The mass spectrometer was operated in conjunction with a Jet Stream electrospray ion source in positive ion mode. Reference masses of m/z 121.050873 and 922.009798 were used to calibrate the mass axis during analysis. Mass spectra were processed using Agilent MassHunter B.02.00 software. High-performance liquid chromatography (HPLC) was performed on a Jasco 2080 Plus isocratic binary pump, using a Jasco 2075 Plus variable wavelength absorbance detector and Jasco ChromPass v.1.8.6.1 software. All samples were dissolved in the mobile phase used for the assay at a level of approximately 1 mg/mL. Stock solutions were diluted 1:20 using the mobile phase, resulting in a concentration of approximately 50 µg/mL. The diluted samples were injected without further manipulation. Stock solutions were kept at -20 °C overnight. Diluted solutions were prepared on each day of the analysis and were not stored. Chromatographic runs lasted 30 min typically. When all peaks were recovered, runs were terminated manually regardless of the time that had passed. Two stationary phases were employed with the following parameters: 1) Chiralcel ® "OJ-H" cellulose tris-4-methylbenzoate, 250 mm x 4.6 mm, 5 µm dp. 2) Chiralpak ® "AD-H" amylose tris-(3,5-dimethylphenyl-carbamate), 250 mm x 4.6 mm, 5 µm dp. The mobile phase was a n-hexane/ethanol mixture in all cases. The ratio of the components is provided in the Supplementary Material. The differential scanning calorimetry (DSC) examinations were carried out with a Pyris 6 DSC (Perkin Elmer) instrument. The DSC curves were evaluated with Pyris Software. The starting and final temperatures were 30 °C and 300 °C, respectively. Heating rate was 5 and 10 °C/min. Nitrogen atmosphere was always used. Samples from 0.79 to 3.20 mg were used (in aluminium sample pans). Three parallel examinations were made in every case. The instrument was calibrated by using indium. Elemental analyses were performed on an Elementar VarioEL III apparatus. MW irradiation experiments were carried out in a monomode CEM-Discover MW reactor, using the standard configuration as delivered, including proprietary software. The experiments were executed in 10 or 80 mL MW process vials with control of the temperature by infrared detection. After completion of the reaction, the vial was cooled to 50 °C by air jet cooling. 1 H and 13 C nuclear magnetic resonance (NMR) spectra were recorded at ambient temperature, in the solvent indicated, on a Varian Mercury Plus 400 spectrometer at a frequency of 400 and 100 MHz or on a Varian Unity 600 spectrometer at a frequency of 600 and 150 MHz or on a Bruker Avance III 500 spectrometer at a frequency of 500 and 125 MHz respectively. Chemical shifts are given using the δ-scale (in ppm) relative to tetramethylsilane or the residual solvent signal as an internal reference. Coupling constants are indicated in Hertz (Hz) . The following abbreviations are used for spin multiplicity: s singlet, d doublet, t triplet,uartet, m multiplet, ovl. m overlapping multiplet, br broad, dd doublet doublet, dm doublet multiplet and tm triplet multiplet. The signification of the one star (*) in the 13 C NMR means tentative assignments.
General procedure for the synthesis of 2-(dialkylamino)acetophenone and benzophenone derivetives (method A). A mixture of 2-fluoroacetophenone or 2-fluorobenzophenone (1.0 eq), the appropriate secondary amine (pyrrolidine or piperidine purified by redistillation (760 mmHg, 85-110 °C) or dimethylamine (40 wt.% in water) (1.0 eq) and K2CO3 (1.0 eq) in water was irradiated in a pressurized vessel in microwave reactor for the time and the temperature indicated below (at a maximum power level of 200 W). The vessel was subsequently cooled to ambient temperature. To the reaction mixture distilled water was added and it was extracted with diethyl ether. The organic layer was washed with saturated solution of NH4Cl, then with distilled water and then dried over MgSO4, filtered and evaporated under reduced pressure. The crude product was used for the one-pot reaction without further purification. Analytical results of compounds 1(a,b, 56 c 33 ) and 2 (a, 57 b, 58 c 56 ) are corresponding with the literature data. The atom numbering for NMR assignation follows the scheme below in Scheme 5:
Scheme 5. The scheme of the atom numbering for NMR assignation. Before using for the synthesis of the vinyl compound (method B1) the crude product was purified by column chromatography (n-hexane/EtOAc 8:1). Yellow oil (66%). General procedure for the synthesis of 2-vinyl-N,N-dialkylanilines from acetophenone derivatives (method B1). To a mixture of the appropriate acetophenone derivative (1.0 eq) in EtOH, malononitrile (1.0 eq) and 2 drops of piperidine were added. After several hours at room temperature, the yellow solution turned to orange. When the reaction was completed as followed by TLC, the solvent was removed under reduced pressure. The residue was purified by column chromatography to give the pure product. Analytical results of compound 3 (a, b, c 33 ) are corresponding with the literature data.
General procedure for the synthesis of 2-vinyl-N,N-dialkylanilines from benzophenone derivatives (method B2). Malononitrile (1.1 eq) and i-PrOH (distilled from CaO, dried over 4 Å molecular sieves) were placed in a sealed tube under argon atmosphere. To this colorless solution, the appropriate benzophenone (1 eq) and Ti(O-i-Pr)4 (1.1 eq) were added and the mixture was heated at 70-80 °C. After completion of the reaction, the dark brown reaction mixture was poured into 1 N HCl and was vigorously stirred at 0-5 °C for 0.5 hours. It was extracted by ethyl acetate and the extract was washed with sodium bicarbonate solution and brine. The organic layer was dried over MgSO4 and evaporated. The crude product was purified by column chromatography and washed with diethyl ether to afford the pure product. General procedure for the synthesis of pyrido-fused ring system -one-pot reaction (method C1). Step 1. To a mixture of the appropriate acetophenone (1.0 eq) in 30 mL of water, malononitrile (1.0 eq) was added. The reaction mixture was irradiated in a pressurized vessel for the time and the temperature indicated below (at a maximum power level of 200 W). The vessel was subsequently cooled to ambient temperature, monitoring the completion of the reaction by TLC. The reaction mixture was used for the next step without work-up and purification.
2-{1'-[2'-(Dimethylamino)phenyl]ethylidene}propanedinitrile (3a
Step 2.: To the reaction mixture trifluoroacetic acid was added in catalytic amount (3 drops). The vinyl precursor was irradiated in a pressurized vessel for the time and the temperature indicated below (at a maximum power level of 200 W). The vessel was subsequently cooled to ambient temperature, the crude product was taken for the analysis of the ratio of the diastereomers by NMR. After transferring from the vial, the reaction mixture was extracted with dichloromethane (3x30 mL). The organic layer was dried over MgSO4 and evaporated under reduced pressure. The crude product was purified by crystallization or filtration.
General procedure for the synthesis of pyrido-fused ring system -solvent free reaction (method C2). The vinyl precursor was irradiated in a sealed vessel without solvent. When the reaction was completed as followed by TLC, the vessel was subsequently cooled to ambient temperature. The crude product was taken for the analysis of the ratio of the diastereomers by NMR. After transferring from the vial, to the reaction mixture dichloromethane (20 mL) and water (20 mL) were added, then the water phase was extracted with dichloromethane (2x30 mL). The organic layer was washed with saturated solution of NH4Cl (60 mL), then dried over MgSO4 and evaporated under reduced pressure. The crude product was purified by column chromatography and/or crystallization.
(±)-1,4-Dimethyl-1,2,3,4-tetrahydroquinoline-3,3-dicarbonitrile (5a). Following method C1, the title compound was isolated. (1. step) To a mixture of 2-(dimethylamino)acetophenone (5.50 g, 33.70 mmol) in 30 mL of water, malononitrile (2.22 g, 33.70 mmol) was added. The reaction mixture was irradiated at 100 °C for 35 min, then (2. step) to the reaction mixture trifluoroacetic acid was added and it was irradiated at 165 °C for 10 min. The crude product was purified by column chromatography (toluene), then was washed with n-hexane (in the reaction 10% side product was formed, see below). Pale yellow crystals (0.44 g, 6%). mp 86.0-86.8 °C. 1 Following method C1, the title compound (5b cis) was isolated. (1. step) To a mixture of 2-(pyrrolidino)acetophenone (6.58 g, 34.80 mmol) in 40 mL water, malononitrile (2.30 g, 34.80 mmol) was added. The reaction mixture was irradiated at 100 °C for 15 minutes, then (2. step) to the reaction mixture trifluoroacetic acide was added and it was irradiated at 150 °C for 6 min. The ratio of the diastereomers in the crude product by NMR: only cis isomer was formed. The crude solid product was washed with Et2O and crystallized from EtOH (anhydrous, dried over 3 Å molecular sieves). White crystals (4.12 g, 50%). mp 134.0 -134.5 °C. 1 33 Following method C1, the title compound was isolated. (1. step) To a mixture of 2-(piperidino)acetophenone (6.55 g, 32.30 mmol) in 40 mL water, malononitrile (2.13 g, 32.30 mmol) was added. The reaction mixture was irradiated at 100 °C for 12 minutes, then (2. step) to the reaction mixture trifluoroacetic acide was added and it was irradiated at 170 °C for 5 min. The ratio of the diastereomers in the crude product by NMR: only cis isomer was formed. The crude product was crystallized from MeOH (distilled from Na and P2O5, dried over 3 Å molecular sieves). White crystals (4.88 g, 60%) . mp 141.0 -141.6 °C (MeOH). 1 5H, m, H-2', 3', 4', 5', 6'), 7.25 (1H, m, H-9 ), 7.04 (1H, dm, J 8. 5 Hz, H-10), 6.89 (1H, dm, J 7.5 Hz, H-7), 6.76 (1H, m, H-8), 4.64 (1H, s, H-6), 4.20 (1H, m, Hx-1), 3.29 (1H, dd, J 11 .0 and 2.5 Hz, H-4a), 2.86 (1H, m, Hy-1), 2.14 -1.42 (6H, m, Hx,y-2, 3, 4) ; 13 General procedure for the radical decyanation (method D). The dinitrile compound (pure diastereomer) (1 eq) was dissolved in dry toluene (80 mL) (distilled from LiAlH4 prior to use) a pale yellow solution was formed. After addition of azobisisobutyronitrile (AIBN) (0.2 eq) and tributyltinhydride (2 eq) at 0 °C, the mixture was stirred for the time indicated below at 80 °C (oil bath). After cooling, an aliquot was taken for the analysis of the diastereomers. To the pale yellow or colorless reaction mixture 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (1.3 eq) was added and stirred for 30 min. The mixture was filtered through a silica gel plug and the solvent evaporated in vacuum. The crude product was purified as described below. The ratio of the diastereomers in the crude product was determined by HPLC (Gemini NX C18 RP 25 cm×4.6 mm 5 μm column, CH3CN/H2O 80:20) or 1 H NMR. cis-(±)-1,4-Dimethyl-1,2,3,4-tetrahydroquinoline-3-carbonitrile (9a cis). Following method D, the title compound was isolated. To a mixture of the dinitrile derivative (0.77 g, 3.63 mmol) in 20 mL of toluene, AIBN (0.12 g, 0.73 mmol, 0.2 eq) and tributyltinhydride (2.9 mL, 3.17 g, 10.87 mmol, 2 eq) were added at 0 °C, the reaction mixture was stirred at 90-100 °C for 1.5 hours. Diastereomeric ratio in the crude product (HPLC): 67:33 cis/trans. Overall yield of the diastereomers is 85%. The diastereomers were separated by preparative HPLC (see Supplementary Material). The determination of the relative configuration in these compounds were not possible, due to overlap of the relevant aliphatic protons. However, the Boc derivative (8a) proved to be cis diastereoisomer, based on NOE interactions and analysis of the vicinal coupling constants. Since under the reaction conditions of Boc formation the configuration of the carbon atoms do not change, the relative configuration in this compound is also cis. White crystals. mp 88.0-89.5 °C. Following method D, the title compound was isolated. To a mixture of the dinitrile derivative (cis isomer) (3.00 g, 9.57 mmol) in 60 mL of toluene AIBN (0.31 g, 1.91 mmol, 0.2 eq) and tributyltinhydride (7.7 mL, 8.36 g, 28.72 mmol, 3 eq) were added at 0 °C, the reaction mixture was stirred at 90 °C for 3 hours. Diastereomeric product ratio in the crude product by NMR: ciscis/cis-trans 95:5. The crude product was washed with diethyl ether to obtain the pure cis-cis isomer product. The cis-trans isomer was not isolated. White crystals (1.92 g, 71%). mp 162.1-167.3 °C. General procedure for the reduction of mononitrile derivatives (method E). The precursor mononitrile compound (1 eq) was dissolved in dry MeOH (distilled from Mg/I2 prior use) (50 mL). At 0 °C di-tert-butyl dicarbonate (Boc2O) (2 eq) and NiCl2×6H2O (0.4 eq) were added under argon atmosphere. Subsequently NaBH4 (10 eq) was added in small portions (within 45-55 min), keeping the temperature below 5 °C (the reaction is strongly effervescent, while adding NaBH4 and the reaction mixture turns black). The mixture was allowed to warm up and was stirred for 1 hour at ambient temperature, followed by adding of 25 % aq. NH3 (100 mL) and the mixture was stirred for a further 1 h. After evaporation to dryness, the residue was taken up in 300 mL of H2O/EtOAc 2:1 and the phases were separated. The inorganic layer was extracted with EtOAc (4x50 mL) and washed with saturated NaHCO3 solution (2×50 mL). The organic phase was dried over MgSO4, filtered, evaporated to dryness and purified by column chromatography.
tert-Butyl N-{[cis-(±)-1,4-dimethyl-1,2,3,4-tetrahydroquinolin-3-yl]methyl} carbamate (13a cis) and tert-Butyl N-{[trans-(±)-1,4-dimethyl-1,2,3,4-tetrahydroquinolin-3-yl]methyl}-carbamate (13a trans). Following method E, the title compounds were isolated. To the suspension of mononitrile compound (mixture of cis/trans) (0.40 g, 2.16 mmol, 1 eq) in dry MeOH (20 mL) di-tert-butyl dicarbonate (0.96 g, 4.38 mmol, 2 eq), NiCl2×6H2O (0.21 g, 0.86 mmol, 0.4 eq) and NaBH4 (0.82 g, 21.6 mmol, 10 eq) were added. The ratio of the diastereomers in the crude product by NMR: 66:34 cis/trans. After purification of the crude product by column chromatography (DCM/n-hexane 4:1) white crystals were obtained (0.50 g, 81%). Diastereomers were separated by HPLC (Chiralpak ® "AD-H" amylose tris-(3,5-dimethylphenyl-carbamate), 250 mm x 4.6 mm, 5 µm dp. The mobile phase was a n-hexane/ethanol 50:50 and the flow rate was 0.5 ml/min). peroxide which produces the oxidized form of Amplex® UltraRed (Invitrogen) that can be readily measured in a fluorimetric plate reader at Ex/Em 540/590 nm. Measurements were conducted in a 384-well format in the final volume of 40 µl. The tested products were incubated 10 minutes at room temperature with the enzyme, and then the substrate was added to initialize the reaction at 30 °C. Fluorescence was read at one hour of reaction and corrected with the value read before substrate addition. Single concentration measurements were conducted at 100 and 10 µM concentration of the compounds using duplicates. The dose response curves of the inhibitors were measured using at least 7 dilution points with 5-fold dilution steps. Duplicate points were determined for each concentration. IC50 values were calculated from the remaining activity, the graphs were fitted using Origin 5.0 software.
